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A. A. rAJlKHH, B. A. nOnOB, n. H. nOJlSIKOB. 
B. r. CblHKOB 

3ABI1CI1MOCTb Act>MP B CuCI 2 .2H20 OT TEMnEPATYPbl 
11 rl1~POCTATI1~ECKOrO ~AB~EHI1~ 

B HAK~OHHOM MArHI1THOM nO~E 

HCCJIe.n,OB8Ha 3aBIlCHMOCTb pe30HaHcHblx cBoiicTB CuCI 2 · 2HzO B 06JIaCTH HIl3KHX 

'IaCTOT ~ ~ 0,7- 4,9 r etj or rH.n,pocraTIl'leCKOrO .n,aBJIeHIlSl (p = 0 - 11,2 K6ap) Il reMnepa· 

ryphl (T = 1,68 - 4,20 K) . TIpoBelleHo cpaBHeHHe reopHH Il 3KcnepllMeHra. HaiilleHhI 3HaqeHHR 

MarHHroynpymx napaMerpoB, onpe.n,eJIHlQ!Il.IlX 3aBHCHMOCTb o6MeHHblx Il peJISlTHBIlCrcKllx 
napaMeTpoB A<l>M OT rllllpOCTaTH'IeCKOrO llaBJIeHHll. 

OOCJIe rrepBbIX I1CCJIe.nOBamIH aHTl1cpeppOMafHl1THOrO pe30HaHca (A<I>MP) 

B MOHOKpHCTaJIJIe CuCl z • 2H20 [1-3J H3YtIeHI1e pe30HaHcHbIX CBOHCTB aHTH

cpeppOMarHeTI1KOB (A<I>M) CTaJIO Ba)KI-lbIM cpe.nCTBOM rrOJIYtIeHH51 HI-lcpopMaUHH 

a rrapaMeTpax aHTHcpeppOMafHeTI1Ka H I1X 3aBI1CI1MOCTI1 aT TeMrrepaTypbI 11 BHelll

Hero MarHHTHoro nOJI51. KpoMe Taro, CYlIl.eCTBeHHbIH I1HTepeC npe.nCTaBJI51eT 

H3YtIeHI1e BJII1HHI151 rH.npOCTaTl1tIeCKOrO .naBJIeHI151 Ha A<I>MP. OTHOCI1TeJIbI-la51 

rrpOCTOTa 3aBI1CI1MOCTI1 rrapaMeTpOB A<I>M aT rl1.npOCTaTl1tIeCKOrO .naBJIeHI151 rro-

3BOJI51eT 3KCrrepl1MeHTaJIbHbIM rrYTeM orrpe.neJI51Tb rrapaMeTpbI MafHl1'royrrpyroH 

CB51311 11 113ytIaTb 3aBI1CI1MOCTb 06MeHHbIX 11 p eJI5ITI1BHCTCKI1X B3aI1Mo.neHCTBHH 

B A<I>M aT Me)KaTOMI-IbIX paCCT051HI1H. OC06bIH HHTepec rrpe.nCTaBJI51eT 113ytIeHI1e 

.neHCTBI151 60JIblllOrO rl1.npOCTaTHtIeCKOrO .naBJIeHI151 B OKpeCTHOCTH TOtIeK cpa30BbIX 

rrepexo.nOB (<I>O), KOTopoe .naeT B03MO)KHOCTb rrOJIYtIl1Tb I1HcpopMaUHlO a KpHBbIX 

cpa30Boro paBHOBeCI1H. 3THM, rrO-BI1.nI1MOMY, 11 06YCJIOBJIeI-lO rrOHBJIeI-II1e 60JIbWOrO 

tIl1CJIa pa60T, rrOCBHlIl.eI-l HbIX I1CCJIe.nOBaI-lI1IO BJII151HI1H .naBJIeHI151 B Ma rI-IHTO yrro

p5I.nOtIeHHbIX BelIl.eCTBaX [4-9J . He.naBHO rrOtITI1 o.nHOBpeMeHHO 6bIJII1 BbIITOJIHeI-lbI 
I1CCJIe.nOBaI-lI1H A<I>MP B MOHOKpHCTaJIJIe CuClz ' 2H 20 [1 OJ H crrpeCOBaHHOM 

rropOlllKOBOM o6pa3ue Fe CI 2 [11J B YCJIOBI151X BblCOKoro rH.npocTaTHtIeCKoro 

.naBJIe HH51. 
UeJIblO HaCT051lIl.eH pa60TbI 5lBJIHeTCH rrOJIytIeHHe HHcpopMaUHH a MarHHTJ

yrrpyrHx rrapaMeTpax, 3aBHCHMOCTH 06MeHI-IbIX rrOJIeH H rrOJIeH MafHHTHoH aHH30-

TporrHH aT .naBJIeI-lH51, a TaK)Ke a BJIH51I-lHH .naBJIeI-IHH I-la YCJIOBH51 peaJIH3aUHH 

rrpOMe)KYTOtIHOrO COCTOHI-lH51 rrpH orrpor<H.nbIBaHHH MarHHTI-IbIX rro.npellleTOK 

B CuCI2 · 2H 20. .LlJI51 o6ecrretIeI-lI151 rrOJII-lOTbI 11H¢OpMaUHH, Heo6xo.nHMOH .nJI51 

Ha.ne)KHOH TeOpeTl1tIeCKOH HI-iTeprrpeTaUHH MarRI1Toyrrpyrl1x CBOHCTB CuCI2 X 
X 2H 20, I1CCJIe.noBaHl1e A<I>MP npoBo.nI1JIOCb B WI1POKOM I1HTepBaJIe tIaCTOT, 

.naBJIeHHH H TeMrrepaTYP B MarHI1THOM rroJIe, rrapaJIJIeJIbHOM JIerKOH OCH H I-Ia

npaBJIeHHOM rro.n yr JIOM K HeH. 

MeTOAHKa 9KcnepHMeHTa 

.LlJI51 Ha6JIlO.neHH51 A<I>MP B YCJIOBI151X BbICOKoro rH.npocTaTHtIeCKOrO .naB

JIeHI1H HaMH pa3pa6oTaHa CneUHaJIbHaH KaMepa C CPHKCHPYIOlIl.HM 3a)KI1MOM 

(pHC. I) . Ka :\1epa BbI.nep)KHBaJIa .naBJIeHHe .no 15 K6ap H rr03BOJI51JIa I-Ia6JIIO.naTb 

4 5.490 



50 A. A. FallKUlt, B. A. nOn08, U 8p. 

HBJIeHHH pe30HaHca B aHTH<peppOMarHHTHOM KpHCTaJIJIe CuCI 2 • 2H 20 B )l.eUH
MeTpOBOM ,lmana30He npH reJmeBbIX TeMnepaTypax. 

OTMeTHM OCHOBHble KOHCTPYKTHBHble oc06eHHOCTH KaMepbI: )l.HaMeTp pa60-

·'lero KaHaJIa 8,5 MM, BHellIHHH )l.HaMeTp 31 MM. YCHJIHe OT rH)l.paBJIH'leCKOrO 

npecca nepe)l.aeTC5I Ha nJIYH}Kep 16 H3 6epHJIJIHeBOH 6POH3bI BpB2, npOllIe)l.llIeH 

TepMoMeXaHH'lecKYIO 06pa60TKY. KaMepa co CTOPOHbI IlJIYH}Kepa ynJIOTHeHa 

KOJIbuaMH 13, 15 H3 6epHJIJIHeBOH 6POH3bl HRC-33-36 (npH pa60Te C neH

TaHOM )l.06aBJIHeTC5I Te<pJIOHOBOe KOJIbUO 14). Y nJIOTHHTeJIbHble KOJIbua <pHKCH: 

PYIOTC5I Ha nJIYH}Kepe BHHTOM 12. <l>HKcaUHH nJIYH}Kepa 16 oCYIII.eCTBJIHeTCH 
raHKOH 17, raHKa 18 CJIY}KHT )l.JIH H3BJIe'leHHH nJIYH}Kepa C ueJiblO ocMOTpa 

HJIH nepe3aJIHBKH KaMepbI. Pa)l.HO'laCTOTHbIH 06TIOpaTop 3 ynJIOTH5IeTC5I npH 

nOMOIII.H raHKH 1 CBHHUOBbJM HJIH Te<PJIOHOBbIM KOJIbUOM 5 B KOM6HHauHH 

C npoTHB03KCTPY3HOHHbIMH Kf)JIbuaMH 4, BbIIIOJIHeHHbIMH H3 6epHJIJIHeBOH 6pOH3bI. 

Ha 3a)l.HeH 'laCTH 06TIOpaTopa HapesaHa pe3b6a )l.JIH HaBHH'lHBaHH5I C'beMHHKa. 

Puc. 1. ,CxeMa KaMepbJ BblCOKoro AaBJIeHHH. 

KOaKCHaJIbHble BBO)l.bI 6 H 7 BKJIeeHbI Ha apaJIb)l.HTOBOH CMOJIe AA - 004. ,UJIH 

YBeJIH'leHH5I HHTepBaJIa )l.aBJIeHHH, BHYTPH KOToporo )l.e<p0pMaUHH )l.eTaJIeii KaMepbI 

OCTaIOTC5I ynpymMH, 6blJla npOBe)l.eHa TepMoMeXaHH1.!eCKaH 06pa60TKa Kopnyca 

KaMepbI 10, nJIYH}Kepa 16 H 06TIOpaTopa 3. 06pa60TKa KaMepbI 3aKJIIO'laJIaCb 

B aBTo<ppeTTHpoBaHHH ee C nOMOIII.blOnOCJIe)l.OBaTeJIbHOrO npOTaJIKHBaHH5I 'lepe3 

KaHaJI BbICOKOnpO'lHbIX onpaEOK - )l.OPHOB (cTaJIb XBr, HRC-60-62), n03BO
JIHIOIII.HX KOHTPOJIHpOBaTb CTeneHb ynpO'lHeHH5I [12]. 

,UJI5I Ha6JIIO)l.eHH5I A<I>MP HCnOJIb30BaJIC5I pa)l.HOCneKTpOCKon C pe30HaTopOM 

npOXO)l.Huro THna [18j. OT reHepaTopa CBq 3HeprHH nO)l.aBaJIaCb Ha KOaKCHaJIb

HbIH BBO)l. 7. 06pa3eu 9 nOMemaJiCH B ueHTpe CmIpaJIH 8 Ha nOJIHCTHPOJIOBOM 

)l.ep}KaTeJIe. C KOaKCHaJIbHOrO BBO)l.a 6 3Hepm5I CBq 'lepe3 pa3'beM 2 nepe

)l.aBaJIaCb Ha npHeMHbIH TpaKT. qacToTbI KOHTPOJIHpOBaJIHCb no CHrHaJIY norJIO

III.eHHH 06pa3ua cB060)l.HOrO pa)l.HKaJIa )l.H<peHHJInHKpHJIrH)l.pa3HJIa, nOMeIII.eHHOrO 

B pe30HaTop. 

YI3MepeHHe )l.aBJIemiH H npoBepKa ynpyrocTl-r nepe)l.alOu~eii Cpe)l.bI (Kepo

CHHO-MaCJI5IHaH cMecb) npOH3BO)l.HJIHCb 6ecKoHTaKTHbIM MeTO)l.OM [14]. IIIaii6a 

H3 'lHCTOrO OJIOBa 11 )l.HaMeTpOM 6 MM H BbICOTOH 1 MM HaKJIeHBaJIaCb Ha 

BHHT 12. TeMnepaTypa nepexo)l.a OJIOBa B cBepXnpOBO)l.HIII.ee COCTOHHHe H3Me

p5IJIaCb no )l.aBJIeHHIO napoB reJIJofeBOH BaHHbI. 

3KcnepHMeHTaJlbHble pe3YJIbTaTbi 

Pe30HaHcHble CBOHCTBa CuCl 2 • 2H 20 HCCJIe)l.OBaJIHCb B HHTepBaJIe TeMne

paTyp 1,68° ~ T ~ 4,2°K npH rH)l.pOCTaTH'leCKHX )l.aBJIeHH5IX p = 0; 5,2; 9,2; 

11,2 1C6ap. Pa60'lHe 'laCTOTbI VI = 0,7 r el{, V2 = 2,85 - 3,15 rel{ H Va = 4,5-

- 4,88 Tel{ BbI6HpaJIHCb C TaKHM paC'leTOM, 'lT06bI 6bIJIO B03MO}KHO Ha6JIIO)l.e

HHe A<I>MP B npOMe}KYTO'lHOM COCTOHHHH [151. BHelliHee MarHHTHoe nOJIe H 
opHeHTHpOBaJIOCb B nJIOCKOCTH KpHCTaJIJIa abo 



Pe3YJlbTaTbi H3Mepel-lHH npe.ll.CTaSJIeHhl Ha pHC. 2,3, r.ll.e H306paJKeHhI 

pe30HaHcHhie H30XPOHhI, n OJIY'leH Hble npH pa3JIH'lHbIX .lI.aBJIeHHHX H TeMn epa

Typax. Ha Bcex BbI6paHHblx 'laCTOTax (KpOMe 

'11 = 0,7 Fel{) B HCCJIE'.lI.OBaHHOM HHTepBaJIe 

7,5 .lI.aBJIeHHH Ha6mo.ll.aJIOCb no .lI.Ba 3Ha'leHHH pe-

30HaHCHoro nOJIH, eCJIH yrOJI I/J MeJK.lI.Y nOJIeM 

H H JIerKOH OCb!-O a He npeBhIWaJI 3Ha'leHHH 

yrJla cphIBa A<I>MP I/Jf . Ha 'laCTOTe 'It = 
= 0,7 Fel{ Ha6Jl!-O.lI.aJlOCh TOJIbKO O.ll.HO pe30HaH-

7,0 4.5 
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Puc. 2. 3aBHcHMoCTb H p (t ) JlJI5I pa3JIH'IHblX 'IaCTOT v, r Z/i H ,n;aBJIeHHii P, K.6ap (T = 1,68°K)1 
PI = 0, v~ = 3,14 (e), Va = 4,88 (0 ); P2 = 5,2, V2 = 3,1 (.A), V3 = 4,65 (.6); Pa =0= 9,2, VI~ 
= 2,95 ( ... ), Va = 4,60 (\7); P4 = 11,2, V2 = 2,85 ( ), Va = 4,48 (D). CnJIOWHble JIHHHH-

TeopeTHllecKHH p aC'IeT ,n;JI5I (PI' Va) Ii (P2' Va)· 

Puc. 3. 3aBHcHMoCTH pe30HaHcHblx n OJIeH H yrJIa cpblBa o/f OT ,n;aBJIeHH5I npH T = 1,68° K 
H v=3 r Z/i : O -HIP; l::,. -H2P; O -Hf ; ... -t,. 

CHoe nOJIe. Pe30HaHC HCtIe3aJI npH MaJIeHWeM OTKJlOHeHHH nOJIH H OT OCH a B nJlO

CKOCTH abo npH CPHKcHpoBaHHhlx TeMnepaTypax H .lI.aBJIeHHH B nOJIe H II a 6oJlb

wee pe30HaHcHoe nOJIe H 2p B npe-

AeJlax TOtIHOCTH 3KcnepHMeliTa He rp 
3aBHCHT OT tIaCTOTbI 'I H COOTBeTCT- .5 
ByeT nOrJIow.eHHIO B aHTHcpeppOMar- r-----..". __ 
HeTHKe, HaX0.ll.H/UeMCH B npOMeJKy
TOtIHOM COCTOHHHH [15. 16]. npH 3TOM f 
pa3HOCTh MeJK.lI.Y 60JlbWHM H 2p H 3 
MeHhWHM Hlp pesoHaHcHhIMH nOJI5IMH 

Ha CPHKcHpOBaHHOH tIaCTOTe YMeHb-

waeTCH C nOBblweHHeM .lI.aBJIeHHH, 2 

a caMH nOJlH YBeJIHtIHBaIOTcH. 

C 
" YBeJIHtIeHHeM .lI.aBJIeHHH npH 

I 2 !J 

8·1 

4 

nOCTOHHHOH tIaCTOTe H C YMeHbwe

HHeM tIaCTOThI npH nOCTOHHHOM .lI.aB

JIeHHH yrOJI cphIBa A<I>MP ~f YMeHh

maeTCH, a nOJIe cpbIBa Hf YBeJlHtIH

BaeTC5I. 06pa6oTKa .lI.HarpaMMhI pHC. 2 
rr03BOJIHJla BOCCTaHOBHTb H30XpoHHble 

3aBHCHMOCTH ~f (p) H Hf (p) (pHC. 3) 
H H306apHble 3aBHCHMOCTH ~f ('I) H 

H,{'i) (pHC. 4). Ha pHC. 3 npe.ll.CTaB-

Puc. 4. l 'i306apHble 3aBHCHMOCTH H f (v), 0/, (v) 
npH T = 1,68° K; YJ- H f , 0 - o/f npll Pt= 
= 0; ... - H f, • - t , npli P4 = 11,2 K.6ap. 
CnJIOWHble JIHHHH - TeOpeTH'IeCKHil pac'IeT 

Hf (v) H 0/, (v) . 
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Puc. 5. 3aBHcHMoCTb H p (0/) l{JHI pa3JIH'IHbIX TeMnepaTYP, 'IaCTOT 'I, reu, H l{aBJIeHHR /I, 1C6ap: 
PI = 0, 'II = 0,76, '1~ = 3,14, 'Is = 4,88; P2 = 5,2; '1 1 = 0,73, '12 = 3,1, 'Is = 4,65; Ps = 9,2, 
"11 -= 0,68, '12 = 2,92, 'I s = 4,60; P4 = 11,2, 'II = 0,64, '12 = 2,85, '18 = 4,48; 'II - A, '12 -

- X , '1s-0, 0, O· 

JIeHbI TaK}Ke 3aBHCHMOCTH Hlp H H2p ,l.(JIH V = 3 rC!.Lf. npH P = 0 pe30HaHcHoe 

nOrJIow.eHHe Ha,l.(e}KHO Ha6JIIO,l.(aJIOCb Ha Bcex lJaCTOTax TOJIbKO npH T <: 30 K. 
C nOBbIIIleHHeM ,l.(aBJIeHHH npe,l.(eJIbHaH TeMnepaTypa Ha6JIIO,l.(eHHH A¢MP pocJIa 

H npH ,l.(aBJIeHHH P > 9 K6ap ,l.(OCTHraJIa 4,20 K, T. e. npaKTHlJeCKH TeMnepa-

.9,0 

2,5 8,5 
1'/1( 

TYPbI HeeJIH npH P = O. Y BeJIHlJeHHe TeMnepa
TypHoro HHTepBaJIa, B KOTOPOM Ha6JIIO,l.(aeTCH 
A¢MP B CuCI2 • 2H 20, OTMeqaJIOCb HaMH pa
Hee [10] . 

nOBbIllIeHHe TeMnepaTypbI BbI3bIBaJIO CMe

w.eHHe H30XPOH B 06JIaCTb 60JIee CHJIbHbIX nOJIeii: 

H YMeHbllIeHHe yrJIa cpbIBa A¢MP npH Bcex 

HCCJIe,l.(OBaHHbIX ,l.(aBJIeHHHX H lJaCTOTax. He3aBH

CHMO OT qaCTOTbI Bll nOJIH H BeJIHlJHHbI ,l.(aBJIe

HHH Bna,l.(HHa Ha H30xpOHax CO CTOPOHbI 60JIb

wero pe30HaHCHoro nOJIH YMeHbllIaJIaCb H C yBe

JIHlJeHHeM TeMnepaTypbI HCQe3aJIa (pHC. 5). 
3aBH~HMoCTH p,e30HaHcHblx nOJIeii: H I• 2P OT 

TeMnepaTypbI B CJlYlJae H II a Ha qaCTOTax 

v2~3rC!.Lf H v3~4,7rC!.Lf npH p=O; 5,2; 
11,2 K6ap npe,l.(CTaBJIeHbI Ha pHC. 6. C YBeJIH

lJeHHeM ,l.(aBJIeHHH rpa,l.(HeHT (dHp/dT) B Cpe,l.(HeM 

Puc. 6. 3 a sHcHMoCTb pe30HaHcHblx nOJIeR OT TeMnepaTY
pbl npl1 p, 1C6ap H 'IaCTOTax 'I, reu,: Pi = 0, "2 = 
=3,14( X), "3=4,88(0); P2=5,2; '12 =3,1 (X);'1s= 
= 4.65 (0); P4 = 1l,2; '12 = 2,85 (X); 'Is = 4,48 (0). 
CnJIOWHble JIHHHH - TeOpeTH'IeCKHM paC'IeT npH (PI' "S) 

H (P4' "s) · 



YMeHblIlaeTC51. Ha pHC. 7 H306pameHbI 3aBHCHMOCTH Hf (T) H tjif (T) nOJIH H 

yrJIa cpbIBa A<I>MP npH 'I = '13 ~ 4,7 rel1 H p = 0; 9,2 K6ap, nOJIyqeHHbIe 

B pe3YJIbTaTe 06pa6oTKH H30XPOH H = H p (tji) (pHC. 2, 3). 

TeopHSl 

B03paCTaHHe pe30HaHcHblx nOJIeH B CuC1 2 • 2H 20 C YBeJIHlIeHHeM m.zr.po

CTaTHlIeCKoro .zr.aBJIeHHH CBH3bIBaJIOCb paHee [17] TOJIbKO C YBeJIHlIeHHeM nOJIeH 

MarHHTHOH aHH30TponHH. O.zr.HaKO, KaK 9TO CJIe.zr.yeT H3 [10. 11], .zr.aBJIeHHe pac

lllHpHeT TeM nepaTypHYIO OOJIaCTb HaOJIIo.zr.eHH51 A <I>MP, lITO MO)!{eT OO'bHCHHTbCH 

YBeJIH'leHHeM TeMnepaTypbI HeeJI51 TN, a cJIe.zr.oBaTeJIbHO, H oOMeHHhIx HHTer

paJIOB. Y'lHThlBaH 9KcnoHeHUHaJIbHYIO 3a

BHCHMOCTb oOMeHHblx HHTerpaJIOB OT Me)!{

aTOMHhIX paCCTOHHHH, npaBHJIbHee OhIJIO 

OhI YlIHTbIBaTb He TOJIbKO 3aBHCHMOCTb 

nOJIeH a HH30TponHH OT .zr.aBJIeHHH, HO H 

OOJIee CHJIbH yIO 3aBHCHMOCTb OT I-Iero 00-

MeHHbIX nOJIeH. TI09TOMY oy.zr.eM HCXO.zr.HTb 

H3 3aBHCHMOCTH 9HepmH A<I>M OT AaEJIe
HHH [17] 

r.zr.e 

E = M~ [20m2 + (~ + W) m; + 
+ (p + p') m~ + (~ - W) l: + 

+ (p - p') l~- 2mh], (1) 

m = (2Mo)-1 (MI + M2), 1 = (2Mo)-1 (MI -. 
-M 2), h = HMol, a 3aBHCIIMOCTb OOMeH

Hora napaMeTpa H napaMeTpoB MarHHTHOH 

aHH30TponHH OT .zr.aBJIeHHH HMeeT BH.zr. 

o = 00 + A; p, ~ + W = ~o' + 'A;p, 

p + p' = po + 'A; p, ~ - W = ~o + A;P, 
p - p' = Po + A; p. (2) 

2,0 2,5 3,0 3,5 
T, DI( 

4,0 

Puc. 7. 3aBI1CHMOCTb H f 11 tf OT TeM

nepaTYPbl: npH PI = 0, ~3 = 4,88 FZl{i 
o - Hf ; 0 - t f ; npH Pa = 9,2 K6ap, 

'I; = 4,60 FZI{ ; • - HI' • -tf' CnJIo

WHble JIHHHH - TeOpeTHlJeCKHH paCqeT. 

YlcnOJIb3YH OObI'lHyrO MeTo.zr.HKY ypaBHeHHH JIaH.zr.ay - JIH¢llIlHUa, JIerKO HaHTH 

BbIpamel-me .zr.JIH pe30HaHCI-IhIX lIaCTOT B HaKJIOHHOM MarHHTHOM nOJIe H. 
PaccMOTpHM CHaqaJIa pe30HaHcHhIe qaCTOTbI A<I>M npH tji = O. K comaJIe

HHIO, HH¢lopMaUHH 0 nOJIHOH aHaJIHTHqeCKOH 3aBH CHMOCTH pe30HaHcHhIx qaCTOT 

.zr.ByxocHoro A<I>M OT TeMnepaTyphI (.zr.ame B cJIyqae T « TN) OTCYTcTByeT. 

B paOOTe P8] 6hlJIa Y'lTeI-Ja JIHllJb 3aBHcHMoCTb, CBH3aHHaH C 'XII, 'Xl., a TeM

nepaTypHaH 3aBHCHMOCTb xapaKTepHCTHqeCKHX nOJIeH .zr.OJImHa ObIJIa onpeJI.eJI51TbCH 

9KcnepHMeHTa.TJbHO [19]. B paOOTe [20] B OOJIaCTH T « TN OhIJIa BhIqHCJIeHa 

TeMnepaTypHaH 3aBHCHMOCTb qaCTOT A<I>MP ¢la3bI III npH H = 0 H ¢la3hI ll. 
npH tji = O. HCnOJIh3YH pe3YJIbTaTbI paOOT [18. 20], npH nOJIe, HanpaBJIeHHOM 

B.zr.OJIb JIerKOH OCH, H T « TN 'laCTOThI A <I>MP ¢la3b! I" MomBO npe.zr.CTaBHTh 

B BH.zr.e 

Ulf.2 = ,2 [aH2 + 1/2 (H~I + H~2) ± 

r.zr.e nOJIH Hal H HaZ, onpe.zr.eJI5lIOlIlJ'le 'laCTOTbl A<I>MP npH H = 0, B cnHH

BOJIBOBOM npHOJIH)!{eHHH, COrJJaCHO [20], paBHbI 

Hai = HaiO - aT2; H;lo = M~ (20 + p + p') (~-n; 
H;zo = M~ (20 + ~ + n (p - p'); a = 0,07 K3/epaO. (4) 
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MeHblIIee H3 nOJIeH H1 H H12 onpe.n.eJI5IeT nOJIe H, npH KOTOPOM (J)2 = 0, T. e. 

rpaHIfllY YCTOHtIHBOCTH cpa3bI tIl npH onpOKH.n.bIBaHHH MarHHTHbIX no.n.perneTOK 
B nnOCKOCTb ab HJIH ac. B COOTBeTCTBHH C [20], 

HI (1) = H10 + aT2; H12 (1) = H120 + aT~; 
H~o = M~ (28 + p + p') (p - pi); H~20 = M~ (28 + ~ + n (~ - n. (5) 

rIapaMeTp CI, COrJIaCHO [18], CBH3aH C XII H XJ. H COCTaBJI5IeT 

CI = 1 - (XIJ/XJ.)::::::: 1-4aT2H;ri. (6) 
3.n.eCb HCnOJIb30BaHbI 3Haqeml5l XII, XJ. B cnHH-BOJIHOBOM npH6JIH>KeHHH [21. 22]. 
IlOJle Hn , npH KOTOPOM cpa3bI III H lJ. Haxo.n.51TCH B paBHoBecHH, onpe.n.eJI5IeTC5I 

H3 YCJIOBH5I paBeHcTBa TepMo.n.HHaMHtIeCKHX nOTeHUHaJIOB 3THX cpas: 

Hn (1) = Hno + aT", Hno = Mo Y(20 - p+p')(p - p'). (7) 

BJIH5IHHe m.n.pocTaTHqeCKOrO .n.aBJIeHHH Ha tIaCTOTbJ (3) 6y.n.eM yqHTbJBaTb, 

CJIe.n.YH [17], nYTeM nepeHopMHpOBKH 06MeHHoH KOHCTaHTbI H KOHCTaHT MarHlfT

HOH aHH30TponHH. B 06JIacTH HI - H « HI HH>KHIOIO BeTBb (J)2 (p, H, 1), 
COrJIaCHO [17], MO>KHO npH6JIH>KeHHO 3anHcaTb B BH.n.e 

HI (p, T) = HI (T) y(I + AlP) (1 + A 2P), '0 = ~op;;-\ 

r~e AI::::::: (A; + -} A;) 0-1
, A2 = A;p;\ As = A; p;;-l. 

nJIH HHRmeii BeTBH A<l>MP cpa3bI IJ.' COrJIaCHO [20], 

(8) 

(9) 

(J)J.:::::::,VH2 _ H!(p, 1), H:(p, T)=H:o(g!~:~~: -2aT2H;:), (10) 

r~e A4::::::: p..; - 1/2A;) 0-1; H2o = HIO (200 - Po)/(200 + Po). 

HaKoHeu, 3aBHCHMOCTb nOJI5I Hn OT .n.aBJIeHH5I OnHCbJBaeTC5I BbJpa>KeHHeM 

Hn (p, 1) = Hn (1) V (1 + A4P) (1 + Azp). (11) 

<l>0PMYJIbI (3) - (11) onHCbIBalOT 3aBHCHMOCTb A<l>MP 01' TeMnepaTypbI H .n.aB

JIeHH5I B CJIyqae Hila. A<t>MP B HaKJIOHHOM nOJIe (B nJIOCKOCTH ab) MO>KHO 

npH6JIH>KeHHO onHcaTb, eCJIH YtIeCTb, tITO pa3HocTb (H2p - Hf) ~ H, sin ~f 
(CM. pHC. 2, 3). nJI5I 3Toro y.n.o6Ho BOCnOJIb30BaTbC5I Bblpa>KeHHeM .n.JI5I tIaCTOT 

A<t>MP B nOJIe H, COCTaBJI5IIOrn;eM C OCblO a yrOJI ~, 3HatIeHHe KOToporo HaxO

.n.HTCH B npe.n.eJIax (Po/200) < ~ « 1 [16]: 

(J)1.2 = ,He [R ± Y R2 - Q]I/2; (12) 

2R = z + ,- 2 + .t~:: :~~ \); Q = (, - I + f) (z - 1 + 2f); 

21/ = 1 - z + [(z - 1)2 + 4z sin2~]If2; z = H2H";2; ,= (~- ~') (p - p')-l, (13) 

r.n.e H~ = 20 (p - p') M~, tITO npH6JIH3HTeJIbHO COBna.n.aeT C nOJ.JeM «CnHH

cpJrom>-cpa30Boro qepexo.n.a, npOHCXO,lUIIl1.erO B nOJIe H II a. B CJIYtIae I H2 -
- H~ I H;2 > (Po/200)' ~ > (Po/2oo), npHHHB t « 1, 113 (12), (13) HaH.n.eM .n.JI51 
HH>KHeH BeTBH (J)2 (H, ~), B COOTBeTCTBHH C [24], Bblpa>KeHHe 

2 (H)2 (r - \) [(z - \)2 + 4s in2o/J (14) 
'. (J)2 = 1 C (r + \) [(z _ \)2 + 4sin2o/]I/2 + 2 (1-%) • 



nHC\xpepeHUHpYH (t}z no H, YCTaHOBHM, liTO Ha nJIOCKOCTH ((t), H) BeTBb (t}2 (H) 
HMeeT MHHHMYM B TOllKe «(t}2mln, H2m in) 

• 2 2 (r - I) (I + b~) sin 0/ 
H 2m1n = Hc(1-bsm\jl); (t}2min = 2 ("(He) 1/2' (15) 

(r + I) (I + b2
) + 2b 

b = (2q)-1[_ (q + 3) + V-:-(q-+--:3=)2~+--:-4qj, q = (r t T -1. (16) 

B03HHI<HOBeHHe MHHHMYMa Y HH)KHeH BeTBH (t}2 (H) COOTBeTcTByeT pe30HaHC

HOH )J.HarpaMMe )J.BYXOCHoro AcI>M B 3aKpHTHlIeCKOH 06JIaCTH \jI > \jIK (CM. pHc.3 

pa60TbI [24]). TIPH <pHKCHpOBaHHOH lIaCTOTe (t) Bq nOJI5I H3 Bblpa)KeHHH (15) 

onpe)J.eJI5IIOTC5I \jI = \jI, H nOJle cphIBa AcI>MP H = H I, T. e. 3HalleHHSI \jI H H, 
npH KOTOPhIX lIaCTOTa COOTBeTCTByeT MHHHMYMY KPHBOH (t}2 (H). KaK \jI" TaK H 
(HI- Hn) nponopUHOHaJIhHhI (t}2. Pa3pellla5I (14) OTHOCHTeJIhHO sin2\j1, nOJIY

lIaeM 

• 2 I {w~ (r + 1)2 I w~ (I - z) 
sm \jI1.2 ="4 2" r- I 12 r-I - (1_Z)2 ± 

± (t}3r+ I .. /-,w~ (r+ 1)2. + 2 I-Z} 
Or-IV 4 (r_I)2 r-l' (17) 

Bhlpa)KeHHe (17) B CHJIY C)J.eJIaHHhIX npH6JlH)KeHHH He onHCbIBaeT )J.eTaJIbHO 

nOBe)J.eHHH pe30HaHCHhIX )J.HarpaMM, CB5I3aHHOro C H3MeHeHH5IMH D.H < 0,1 Ka 

H D.\jI < 1° , O)J.HaKO B 06JIaCTH, r)J.e 

H2<H~(I+;~(rr+lt), (t}o=1~fI' (18) 

OHO )J.aeT npOCToe H KalleCTBeHHO npaBHJIbHOe onHcaHHe TaKHX )J.HarpaMM. 

CpaBHeHHe TeopHH C 3KcnepHMeHTOM 

TIpoBe)J.eM 3TO cpaBHeHHe CHaqaJIa )J.JIH T = 1,68° K. 

CHcTeMaTHllecKoe B03pacTaHHe pe30HaHcHhlx nOJIeH C YBeJIHlIeHHeM )J.aB

JIeHH5I, 3KcnepHMeHTaJIhHO Ha6JIIO)J.aeMoe B CuCI 2 • 2H 20, HaXO)J.HTCH B Y)J.OB

JIeTBOpHTeJIbHOM COrJIaCHH C TeopeTHlIecKHMH 3aBHCHMOCTHMH. TIPHHHB HlP = 
= H\f> H H 2~ = H n (H fI - nOJIe q)a30BOro nepexo)J.a 111 += lJ..)' cpaBHHM (8)

(11) C 3KcnepHMeHTaJIbHbIMH )J.aHHhIMH. TIpe)J.nOJIO)KHB, liTO A;'» A ~, G YlIeTOM 

HI (p, 7):=:::::; Hn (p, T) npe)J.CTaBHM 9TH Bblpa)KeHHH B BH)J.e, Y)J.06HOM )J.JI5I 

cpaBHeHH5I C 9KcnepHMeHTOM: 

H - [H 2 ( 7) _ -2 2 ro + 3 + (As + 3A2) P ] 
Ip - D P, "( (t) ro _ I + (A3 - A

2
) p , (19) 

H2p = Hn (p, T) = Hn (T) V(l + AlP) (1 + A2P), (20) 

A " -1 1/ -1 " @OIl ....... 1 
r)J.e l:=:::::;AzO :=:::::;A4t A2 =A lj PO , A3 =AxPo , '0 =~oPo • 

I1cnOJIb3YH 3KCnepHMeHTaJIbHble 3HaqeHHH H2p (p = 11,2 H 5,2 K6ap) 
H HlP (p = 11 ,2 K6ap) npH 'I = 3 rZI1 H T = 1,68° K, a TaK)Ke 3HalleHHe 

'0 = 2,9 [16], HaH)JeM AJ :=:::::; A2 :=:::::; 0,022 K6ap-I, Aa = 0,3 K6ap-l. YlIHTbIBaSI 3Ha-

lIeHHe 00 = X~1=2· 10-3 H Po:=:::::; 6 ,5 [17j.l{JlSI CuCI 2• 2H 20, HaH)J.eM A; = 44 K6ap-1, 
A~ = 0,14 K6ap-l, A; = 2 K6ap-l. fl OCKOJlbKy TA ~ 0, TN 3aBHCHT OT )J.aBJIe

HHH. HaH)J.eHHhle 3HalleHHH A ~ H A.~ XOPOillO cOrJIaCYIOTCfI C oueHOllHbIMH 3Ha

lIeHHSIMH MarHHToynpyrHx nOCTOflHHhIX A ~ (l + 10-3) K6ap-t, B TO BpeM5I K3K 

3HalleHHe A: Ha nopfl)J.oK npeBhIlllaeT HX MaKCHMaJIhHYIO oueHKY, QTO 06ycJIOB

JIeHO, BH)J.HMO, 60JIbllleH lIYBCTBI1TeJIhHOCThlO 06MeHHhIX B3aHMo)J.eHcTBHH K YMeHb

llleHHIO Me)KaTOMHhIX paccToflHHH rrpH YBeJlHlIeHl-IH )J.aBJIeHH5I no cpaBHeHHIO 

c PeJI5ITHBHCTCKHMH. B pe3YJIhTaTe npOBelleHHoro HaMH YlIeTa 3aB!1CHMOC1'H 
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06MeHHoro napaMeTpa 0 OT .n:aBJIeHHH rrOJIyqeHHble HaMH H aBTOpaMH I17J 3Ha

qeHHH A; H A; HeCKOJIbKO pa3JIHqa~TCH, o.n:HaKO rropH.n:KM 3THX BeJIHqHH OCTa

JIHCb npe>KHHMH. TeOpeTHqeCKHe 3aBHCHMOCTH H2p (p), HIP (p), rrocTpoeHHble 

COrJIaCHO (19) H (20) rrpH HaM.n:eHHblx 3HaqeHHHX A';, A;, A;, rrpe.n:cTaBJIeHbI 

Ha pHC. 3 H Haxo.n:HTCH B COrJIaCHH C 3KcnepHMeHTaJIbHbIMH .n:aHHbIMH. OHH 

XOPOllIO rrepe.n:aIOT YMeHbllIeHHe pa3HocTH H 2P - Hlp H YBeJIHqeHHe pe30HaHc

HbIX nOJIeM HlP H H2P C YBeJIHqeHHeM .n:aBJIeHHH p. CpaBHHM Tenepb 3Kcne

pHMeHTaJIbHble 3aBHCHMOCTH ~r H rrOJI5I cpbIBa A<I>MP Hr OT .n:aBJIeHHfI H qac

TOTbI C TeOpeTrlqeCKHMH. KaK CJIe.n:yeT H3 (15), TeOpenlqeCKHe 3aBHCHMOCTH 

3THX BeJIHqHH MO>KHO npe.n:cTaBHTb B BH.n:e 

Hf=HnII-Bw2(IHn)-2], ~f =Aw2(IHn)-Z, (21) 

r.n:e K03qxpHUHeHTbI B (p) H A (p) JIerKO Haxo.n:HTCfI H3 (15). DpH cpaBHeHHH 

(21) C 3KcnepHMeHToM Heo6xo.n:HMo yqeCTb, qTO napaMeTp r 3aBHCHT OT .n:aBJIe

HHH CJIe.n:yroIll.HM o6pa30M: 

(22) 

TeOpeTHqeCKHe H30XpoHHble H H306apHble 3aBHCHMOCTH rrpe.n:cTaBJIeHbI Ha pHC. 3 

H 4 H y.n:oBJIeTBOpHTeJIbHO onHCbIBaIOT 3KcnepMMeHT. B qaCTHOCTH, nepBaH 

cpopMyJIa (21) XOPOllIO orrHCbIBaeT YMeHbllIeHHe pa3HocTH H n - H, C YBeJIHqe

HHeM .n:aBJIeHHH. 

CpaBHHM Tenepb Bblpa)KeHHe (17) C .n:aHHbIMH 3KcrrepHMeHTa. Do.n:CTaBJIHH 

B (17) 3HaqeHHH Hn (p, T) BMeCTO Hn H yqHTbIBaH saBHCHMOCTb rOT .n:aBJIeHHfI 

(22), y6e>K.n:aeMc5I, qTO B 06JIaCTH (18) Bblpa>KeHHe (17) .n:OCTaTOqHO XOPOllIO 

KOJIHqeCTBeHHO onHCbIBaeT 3aBHCHMOCTb Hp (~) Ha qaCTOTax 4,5-4,88 r e/1 npH 

.n:aBJIeHH5IX BnJIOTb .n:o p::::::::; 5 Kfjap. 
HaKoHeu, yqHTbIBa5I (2), (20) H paBeHcTBO Al = A2 , Haxo.n:HM, qTO BeJIH

qHHa HHTepBaJIa tlH = H' - Hn = 47tHnXJ.' B KOTOPOM npOMe}KYTOqHOe COCTO

HHHe TepMo.n:HHaMHqeCKH cTa6HJIbHO, B npe.n:eJIax TOqHOCTH paCqeTa He 3aBHCMT 

B CuC1 2 • 2HzO OT .n:aBJIeHHH. 

Dpe}K.n:e qeM npoBo.n:HTb .n.aJIbHeMllIee cpaBHeHHe TeopHH C 3KcnepHMeH

TOM, YTOqHHM npHpo.n:Y Ha6JIIO.n:aeMoro rrOrJIor.u.eHHH npH p = O. BeJIHqHHbI 
60JIbllIerO peSOHaHCHoro nOJHI Ha qaCTOTe '12 = 3,14 r elf H pesoHaHcHoro nOJIH 

Ha qaCTOTe '11::::::::; 0,7 reLf paBHbI Hpv!::::::::; Hpv,::::::::; Hn = 6.7 Ka npH tp = 0 H COOT

BeTcTBYIOT 31-1aqeHHIO nOJIH cpa30Boro rrepexo.n:a I" += l,l npH T = 1,68° K [25J, 
BCJIe.n:CTBHe qero MO}Kl-IO c.n:eJIaTb BbIBO.n:, qTO OHH C6YCJIOBJIeHbl rror JIOlueHHeM 

B npOMe}KYTOqHOM COCTOHHHH (Dq, rro.n:P06HO rrpOaHaJIHSMpOBaHl-IOM B [16]. 
MeHbllIHe pe30HaHCHble nOJI5I Ha qaCTOTax '12 = 3,14 re/1 H '13 = 4,88 r e/1 
JIe}KaT B 06JIaCTH, r.n:e Hp < H o , H 06YCJIOBJIeHbI norJIOIll.eHl'leM B O.n:HOPO.n:HOH 

cpa3e I". CJIO}KHee 06'bHCHHTb npHpo.n:y nOrJIor.u.eHHfI B 66JIbllIeM pe30HaHcHoM 
nOJIe Ha qaCTOTe '13 = 4,88 reLf. DpH 3HaqeHHHX yrJIa tp, 6JIH3KHX K HYJIIO. 

Ha6JIIO.n:aeMa51 3KcrrepHMeHTaJIb1-l0 pe30HaHCHa51 JlHHH5I CTaHOBHJIaCb HaCTOJIbKO 

CJIa60M, qTO ee nOJIO}KeHHe HeJIb3H 6bIJIO Ha.n:e}KHO onpe.n:eJIHTb. llJIH BbI5ICHe

HH5I npHpo.n:bI 9TOM JIHHHH orrpe.n:eJIHM no cpopMYJIaM (20), (21) pa60TbI (16) 3Ha

qeHHe nOJI5I Hz (T), OrpaHHqHBaIOIlI.erO CHH3Y 06JIaCTb YCTOHqHBOCTH o.n:HOpO.n.

HOH cpa3bl IJ.' KaK BH.n:HO H3 pHC. 1, rrOJIe, cooTBeTcTBYIOIlI.ee MaKCHMYMY 

M30rOHbI '13 = 4,88 reU" paBHO Hm = 6,82 Ka. DpHHHMa51 Hv = 1-1
'1 = 0,33 Ka 

(.n:JI5I 'I B re4), Hno = 6,5 Ka, Haxo.n.HM Hz = 6,53 Ka npM T = 1,68° K. Pe30-

HaHcHoe nOJIe .n:JI5I cpa3bI l,l Ha qaCTOTe 4,88 reU. Haxo.n:HTC5I B npe.n.eJIax 

H2P = 6,73 Ka > 6,70 K.8 = Hn. I1HTepBaJI tlH = H' - Hn = 47tX,lHn peaJIH3a

UHH DC B 06JIaCTH T < 1,68° K MaJIO H3MeH5IeTC5I H no TeOpeTl1qeCKOM oueHKe 

COCTaBJI5IeT OKOJIO 40 EJ (16). 3TOT HHTepBaJI OXBaTbIBaeT yqaCTOK HH}KHeM peso

HaHCHOM BeTBH o.n:HOPO.n:HOM ¢a3bI l ,l , 3aKJIIOqeHHblH: Me}K.n:Y qaCTOTaMH w,l (H 0) = 
= 4,62 reLf < W < WJ. (H') = 5,03 reLf. B Tex }Ke HHTepBaJIaX qaCTOT M rroJIeH: 

cyr.u.ecTByeT BeTBb pe30HaHcHoro nOrJIor.u.eHH5I, 06YCJIOBJIeHHa51 npOM€}KYTOqHbIM 



COCTOHHHeM. O,n;HaKO nOCKOJIbKY JIHHHH nor JIOlueHHH npM tp = a ,n;JIH OOJIbillerO 

p e30HaHCHoro nOJlH Ha IJ:aCTOTe 4,88 Felt cJla60 Bblpa)J{eHa, HeB03MO)J{HO peIllHTb, 

npHHa,n;Jle)J{I1T JIM aHa O,n;HOPO,n;HOH ¢a3e 11- HJlH Heo,n;Hopo,n;HOMY npOMe)J{YTOIJ:

HOMY COCTOHHHIO. fIPH nOBblIlleHim ,n;aBJIeHHH HJlH TeMnepaTypbI cHTyaUHH 

MOLKeT CYIlI,eCTBeHHO H3MeHHTbCH. 

neHCTBHTeJlbHO, C nOMOIll,blO 3HaIJ:eHHH AI' A2 , As H (10) nOJlYIJ:HM 

0) 1- (H n (p, T» ~ (I + O,02p) (j) 1. (H n (a, T», (23) 

a npH ,n;aBJleHMH 5,2 K6ap (j) 1- (Hn) ~ 5,08 Felt, BCJIe,n;CTBHe IJ:ero Ha Bcex 

IJ:aCTOTax, MeHbIllHX 5 Felt, OOJIbillee pe30HaHcHoe nOJle CB5I3aHO C norJIOIll,e

HHeM B fIC. 

CpaBHHM Tenepb TeOpeTHIJ:eCKHe ¢OPMYJIbI C 3KcnepnMeHTaJIbHbIMH pe3YJIb 

TaTaMH. PaccMOTpHM CHaIJ:aJIa CJIyqaH tp = O. BbI6paB B KaIJ:eCTBe OOJIbillerO 

pe30HaHcHoro nOJIH H 2p = Hn (p, T), cpaBHHM Bblpa)J{eHHH (19) H (20) C 3Kcne

pHMeHToM. 
fIPH 3TOM He06xo,n;HMO yqHTbIBaTb, qTO MHO)J{HTeJIb a nepe,n; T2 TaK)J{e 

3aBHCHT OT ,n;aBJleH HH: 

(24) 

Ha pHC. 6 npHBe,n;eHbI TeOpeTHIJ:eCI<He KpHBble npH p = 0; 5,2; 11,2 K6ap Ha 

qaCTOTax 'I = 2,85 - 4 ,88 Felt. rIPH ,n;aEJIemIH p = a B 06JIaCTH TeMnepaTYP 

T > 2° K Ha6JIIO,n;aeTC5I 3aMeTHOe OTKJIOHeHHe TeOpeTHqeCKHX KpHBbIX OT 3Kcne

pHMeHTaJIbIIblx. C YBeJIH'leHHE'M ,n;aBJleHHH CTeneHb 3TOro OTKJIOHeHH5I YMeHb

IlIaeTCH, H npH p = 11,2 K6ap npaKTHIJ:eCKH BO BceM HCCJIe,n;OBaHHOM HHTepBaJle 

1,68° K <: T <: 4,2° K Ha6J1IO,n;aeTcH xopoillee COBna,n;eHHe TeOpeTHIJ:eCKHX KpH

BbIX H p (T) C 3KCnepHMeHTaJIbHbIMH. fIOCKOJlbI<Y HCnOJIb30BaHHble HaMH TeMne

paTypHble 3aBHCHMOCTH xapaKTepHcTH4ecKHx nOJIeH nOJlyqeHbI nYTeM paCqeTOB 

B cnHH-BOJIHOBOM npH6JIH)J{eHHH, OIJ:eBH,n;HO, cnpaBe,n;JIHBO 3aKJII04HTb, IJ:TO yBe

JIl1qeHHe ,n;aBJIeHHH paCIlIHp5IeT TeMnepaTypHYIO 06J1aCTb npHMeHHMOCTH cmlH

BOJIHOBOH TeopHH. fIO-BH,n;HMOMY, 3THM MO)J{HO OGbHCHHTb H pacIlIHpeHHe 06J1aCTH 

Ha6JIIO,n;eHHH A<lJMP B CuCI 2 • 2H 20 (,n;o 4,2° K npH p = 11,2 K6ap). He06xo

,n;HMbI, o,n;HaKO, ,n;onOJIHHTeJIbHble 3KcnepHMeHTaJIbHble HCCJIe,n;OBaHHH 3aBHCH

MOCTH TeMnepaTypbI HeeJI5I OT ,n;aBJIeHHH. Ha pHC. 7 npe,n;cTaBJIeHbI TeopeTH-

4eCKHe 3aBHCHMOCTH Hf H tpf aT TeMn epaTypbI, nocTpoeHHble COrJIaCHO (21), 

(15), (16). I1 B 3TOM cJIYIJ:ae npH YBeJIHIJ:eHHH ,n;aBJIeHI1H cor JIaCHe TeOpeTHqe

CKHX H 3KcnepHMeHTaJIbHblX 3aBHcHMocTei1 YJIYIJ:IlIaeTC5I. 
lVHI Toro 4T06bJ rrOHHTb npH4HHY HC4e3HOEeHHH C rrOBbIllleHHeM TeMrre

paTypbI Bna,n;HHbI Ha H30rOHax (CM. pHC. 3), Y4TeM, qTO nOJIe H2 (T), COrJlaCHO 

[16]. HCnblTbIBaeT HeMOHoToHHoe H3MeHeHHe H C nOBbIIlIeHHeM TeMnepaTypbI 

Me,n;JIeHHee YBeJIH4HBaeTCH, qeM nOJIe Hn (T) (.:lTO nO,n;TBep)J{,n;aeTCH TaK)J{e no

JIyqeHHblM HaMH npH T = 1,68° K 3HaqeHHeM H2 = 6,531\,3). rIOCKOJlbKY 06J1aCTb 

MaKCHMYMa H30roHbl H ~ H m npH6JIH)J{eHHO nOBTopHeT 60JIee Me,n;JIeHHOe H3Me

HeHHe nOJIH O,n;HOPO,n;HOH ¢a3bI 11., a coce,n;HHH 06JIaCTb (npH tp = 0) BMeCTe 

C Hn (T) 60JIee 6bICTPO CMeIll,aeTCH B CTOPOHY 60JIbIllHX nOJIeH, Bna,n;HHa, YMeHb

IlIa5ICb no rJIy6HHe, HCqe3aeT npH ,n;OCTaTOQHO BbICOKOH Te~mepaType, 3aBHC5I

IlI,eH OT BbI6paHHoi1 qaCTOTbI. 

TaKHM 06pa30M, npOBe,n;eHHoe cpaBHeHHe 3KCnepl1MeHTaJIbHbIX 11 Teope

TI14eCKHX ,n;aHHbIX nOKa3bIBaeT I1X y,n;OBJIeTBOpHTeJIbHOe COrJIaCHe, KaK KaQeCT

BeHHoe, TaK H KOJIHIJ:eCTBeHHoe. 

BblBO}J.bI 

B pe3YJIbTaTe npOBe,n;eHHoro aHaJIH3a TeopHH H 3KcnepHMeHTa B 

CuCI 2 X 2H 20 MO)J{HO C)I,eJIaTb CJIe,n;YIOIlI,He BbIBO,n;bI. 

I . BblqHCJIeHHble MarHHToynpYfHe nOCTOHHHble OTJIHIJ:aIOTC5I ,n;pyr OT ,n;pyra 

Ha nOp51,n;OK (A; = 44 K6ap-1 > A; = 2 K6ap-1 > 0,14 K6ap-l). 
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2. fIapaMeTp , aHH30TponHH B nJIOCKOCTH ab AcI>M CuCl z • 2HzO c~e
CTBeHHO 3aBHCHT OT ,naBJIeHHH, qTO ,nOJDKHO npHBo,nHTb K YBeJIHqeHHIO pa3HocTH 

pe::!oHaHcHblx qaCTOT npH H = 0. 
3. HaH60JIee CHJIbHYIO 3aBHCHMOCTb OT ,naBJIeHHH HMeeT o6MeHHbIH: napa

MeTp D. 3TO ,nOJI>KHO npHBo,nHTb K 3aMeTHOMY YBeJIHqeHHIO TeMnepaTypbI HeeJIH 

npH nOBbIIlIeHHH ,naBJIeHHH. 

4. HaH:,neHHbIe 3HaqeHHH MarHHToynpyrHx nOCTOHHHbIX n03BOJIHJIH npH 

T = const 06'bHCHHTb YMeHbIlIeHHe yrJIa ~f H YBemJlIeHHe nOJIH Hf cpbIBa 

AcI>MP, YMeHbIlIeHHe pa3HOCTeH: H2P -Htp, H 2P -Hf C YBeJIHqeHHeM ,naBJIe

HHH (npH OJ = const). lliHpHHa HHTepBaJIa /::".H = H' - Hn peaJIH3aUHH npoMe

>KYTolIHoro COCTOHHHH B npe,neJIax TOqHOCTH 9KCnepHMeHTa OT ,naBJIeHHH He 

3aBHCHT. 

5. BocCTaHOBJIeHa KpHBaH ¢a30Boro paBHOBeCHH ,nJIH cI>n 1 1" ~ 11., KOTO

paH HMeeT BH,n Hn (p, T);:::::; 6,5 -+- 0,07Tz -+- 0, 14 (K8) (T H3MepHeTcH B rpa,ny

cax KeJIbBHHa, p - B K6ap). OTcIO,na CJIe.u.yeT, lITO 06JIacTb peaJIH3aUHH npo

Me)KYTOlIHoro COCTOHHHH, a CJIe,nOBaTeJIbHO, 11 06JIaCTb Ha6JIIO,neH11H AcI>MP 
B fIC C YBeJIHlIeHHeM ,naBJIeHHH CMeIII.aIOTCH B CTOPOHY 60JIbIlIHX MarHHTHbIX 

nOJIeH. 

6. fIpoBe,neHHoe 9KcnepHMeHTaJIbHOe H TeopeTHlIecKoe Ii3YlIeHHe 3aBHCH

MOCTH AcI>MP B CuC1 2 • 2H 20 OT .u.aBJIeHHH H TeMnepaTypbI B HaKJIOHHOM Mar

HHTHOM IlOJIe IlOKa3bIBaeT: a) IlOBbIIlIeHHe ,naBJIeHHH IlPHBO,nHT K YBeJIHlIeHHIO 

HHTepBaJIa TeMIlepaTYP, B KOTOPbIX Ha6JIIO,naeTcH AcI>MP, ,no 4,20 K H BbJllle 

H COOTBeTCTBeHHO YBeJIHlIHBaeT 06JIaCTb IlpHMeHHMocTH CIlHH-BOJIHOBOrO IlpH-

6JIH>KeHHH, HCIlOJIb3yeMoro IlpH BblqHCJIeHHH TeMIlepaTYPHOH: 3aBHCHMOCTH lIaCTOT 

AcI>MP; 6) IlOBbIllleHHe .u.aBJIeHHH IlPHBO,nI1T K cMerueHHIO lIaCTOTHoro HHTep

BaJIa AcI>MP B npOMeX{YTOqHOM COCTOHHHH B 06JIaCTb 60JIee BbICOKHX lIaCTOT; 

B) . 60JIee CJIa6aH 3aBHCHMOCTb OT TeMIlepaTypbI IlOJIH H 2 (T) IlO cpaBHeHHIO 

C IlOJIeM Hn (T) IlPHBo,nHT IlpH IlOBbIllleHHH TeMIlepaTypbI K HCqe3HOBeHHIO 

BIla,nHHbI Ha pe30HaHCHbIX H30XpOHaX; r) C IlOBbIllleHHeM TeMIlepaTypbI HHTep

BaJI yrJIOB ~, BHYTPH KOTOpOrO Ha6JIIO,naeTCH AcI>MP, npH BCeX HCCJIe,nOBaHHbIX 

,naBJIeHHHX YMeHblllaeTCH. 
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ITocTynHJla B pe)IaKU:HIO 
17 ceHTH6pH 1975 r . 

P. I. POLYAKOV, and V. G. SYNKOV 

EFFECTS OF TEMPERATURE AND HYDROST A TIC PRESSURE 
ON INCLINED-FIELD AFMR IN CuCI 2 • 2H20 

AFMR properties of CuCI2 .2H20 at low frequencies 'I ~ 0.7 - 4.9 GHz were stu
died as functions of hydrostatic head (p = 0 - J 1.2 kbar) and temperature (T = 1.68-
_4.2° K). Experimental results are compared with theoretical predictions. The magne
toelastic parameters are deduced which determine pressure variation of the exchange and 
relativistic AF M parameters. 

LIST OF SYMBOLS 

'I, cyclic frequency of the h. f. field; p, pressure; 0/. angle between the easy axis a 
and the external magnetic field, the latter oriented within the ab crystallog
raphic plane; T, temperature; Hlp and H 2p ' lower and upper resonance fields; all 
and Hf , AFMR failure angle and field; Ml and M2 , sublattice magnetic mo

ments; 0 and ~, ~/, p, p', exchange parameter and magnetic an isotropy constants; 
XII and X.1' parallel and perpendicular magnetic susceptibility; 1// and 1.1' antiferromag
netic and «spin-flop» phases; Hal and H a2 , fields corresponding to the zero-field AFMR 

frequencies; Hl and H12 , fields determining the stability region of the til phase with 

the magnetic sublattices floppin g into either ab or ac pl ane, respectively; Hn, field at 

wh ich the both phases are in equilibrium; w, angular frequency: w2min and H2m1n , fre

quency and field corresponding to the minimum on the w2 (H) dependence at 0/ > o/k; 

tPk ~ (Po + p')/4a; Wo = w!'yHc; H\r, resonance field of branch W2 of the III phase; Hmo 
field of the resonance isogon maximum; w.1 (H), resonance frequency for the 1.1 phase. 
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FIGURE CAPTIONS 

Fig 1. High-pressure chamber. 
Fig 2. Dependence H p (0/) for various frequencies 'I (in GHz) and pressures (In kbar) 

at T = 1.680 K: P1 = 0, '12 = 3. 14 (.), 'Is = 4.88 (0 ); P2 = 5.2, '12 = 3.1 (&), 'Is = 4,65 
(.6); Ps=9.2, '12 =2.95 (T); '1jj=4.60 (\7); P4= 11.2, '12 =2.85 ~, 'Is = 4.48 (0). 
The solid /i r;es are ca lcul ated for P1, 'Is and P2' '13' 

Fig 3. Resonance fields and failure angle o/f as functions of pressure at T = 1.680 R 

and '1=3GHz: O-H IP; .6~H2P ; 0 "':"'Hf ; T -o/f' 
Fig. 4. Constant-pressure dependences H f ('I), o/f ('I) at T = 1.680 K: W - H" 0 - I 

o/f at P1=0; T-H" • - 0/, at P4 =11.2 kbar. The solid lines are calculated H,('1) ~ 

and o/f ('I). 
Fig 5. Dependence H P (0/) for various temperatures, frequencies (in GHz) and pres

sures P (in kbar) : P1 = 0, '11 = 0.76, '12 = 3.14, 'Is = 4.88; Pa = 52, '11 = 0.73, '19 = 3.1, 
'18 = 4.65; Ps = 9.2, '11 = 0.68, Va = 2.29, 'Is = 4.60; P4 = 11.2, '11 = 0.64, '12 = 2.85, 'Is = 
=4.48; '11-&' Va- X , vs- O , 0, O· 

Fig 6. The resonance fields as functions of temperature at various pressures p 
(in kbar) and frequencies V (in GHz): P1 = 0, Va = 3.14 (x ), '13 = 4.88 (0); Pa = 5.2, 

Va = 3 .1 (X); 'Is = 4.65 (0); P4 = 11.2, '12 = 2.85 (X); 'Is = 4.48 (0 ). T he solid lines are cal 
culations for P1' 'Is and P4' 'Is · 

Fig 7. H, and o/f versus temperature: P1=0, '13=4.88 GHz, O-H" 0-0/[; 

P. = 9.2 kbar, 'Ia = 4.60 GHz, • - Hi' • - o/t· The solid lines are calcul ations. 
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